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BXTRACTIOE  OP  HIRERAL  ACIDS  BY  ALIPHATIC  ABIWBS 

To.  G.  Frolov,  ▼.  Y.  Sergiyevsfciy 

Extraction  by  high-aolecular  aliphatic  aaines  is  widely  used  in 
the  analytical  and  technological  practice  of  a  nunber  of  elenents.  As 
a  role  the  extractants  of  aetal  salts  are  not  the  anines,  rather 
their  salts,  and  the  use  of  aaines  as  extractants  is  preceded  by 
saturation  of  the  organic  phase  by  the  acid.  It  is  for  this  reason 
that  extraction  of  aineral  acids  by  solutions  of  aaines  in  organic 
solvents  has  been  the  subject  of  a  great  nunber  of  studies  [1-*}. 

It  should  be  aentioned  that  it  is  prinarily  the  extraction  of 
acids  by  tertiary  aaines  which  has  been  studied.  Discussed  in  the 
present  article  are  the  laws  of  extracting  various  aineral  acids  by 
tertiary  and  secondary  aines. 
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In  this  work  we  used  "cheaically  pure  "  sulfuric  and  nitric 
acids.  Perchloric  acid  of  "analytical  grade"  was  purified  by 
distillation.  Hydrochloric*  hydrobroaic,  and  hydriodide  acids  were 
prepared  directly  prior  to  use  by  dissolwing  gaseous  HCl,  HBr *  and  HJ 
obtained  by  the  standard  aethod  in  distilled  water. 

The  solvents  were  purified  by  siaple  distillation.  Extraction 
was  conducted  in  equal  phase  voluaes.  Agitation  tiae  was  1  h, 
teaperature  -  20  i  2°C. 

The  eguilibriua  concentration  of  acids  in  the  agueous  phase  was 
deterained  by  titration  using  a  standard  alkali  solution  with  a 
aethyl  red  indicator.  Concentration  of  acid  in  the  organic  phase  was 
deterained  by  titration  with  an  agueous  solution  of  alkali  in  the 
presence  of  phenol  phthaleia. 

In  calculating  the  eguilibriua  constants  the  values  of  the 
activity  coefficients  of  the  acids  introduced  in  [5]  were  used. 


Discussion  of  Results 


Extractioon  of  acids  by  tri-n-octylaaine.  Analysis  of  the 
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resalts  of  various  researchers  £1-4]  shows  that  daring  extraction  of 
aonobasic  acids  by  solutions  of  tri-n-octylaaine  (TOA)  an  iaproveaent 
is  observed  in  extraction  of  acids  in  the  series:  HP  <  HC1  <  HBr  < 
hho,  <  HJ  ^  HC104.  Oar  results  on  extraction  of  acids  by  TOA  (Table 
1)  confirned  this  pattern.  Since  the  eqailibriua  concentrations  of 
acids  in  the  aqueous  phase  does  not  exceed  0.05  H  and  the  difference 
in  activity  coefficients  for  siailar  concentrations  [5],  then  we  can 
assaae  that  the  aqueous  phase  is  not  responsible  for  the  difference 
in  extractability  of  the  acids  observed  here. 

To  explain  the  difference  in  extraction  of  acids  the  following 
factors  were  considered. 

Since  daring  the  process  of  acid-base  interaction  the  acid 
proton  converts  to  a  base  aolecuie,  then  basically  the  different 
extractability  of  the  acids  can  be  explained  by  the  energetic 
exchanges  which  occur  during  foraation  the  cation.  The  foraation 
energy  of  the  cation  (AB*)  in  the  first  approxiaation  is  eqaal  to  the 
difference  in  the  affinity  of  the  aaine  to  the  proton  and  the 
affinity  of  the  anion  to  the  proton,  i.e., 

AE.-n.-ri7  (1) 

In  the  case  of  extraction  by  one  aaine  n.  —  conat »  differences  in  the 
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formation  energies  of  the  cation  are  also  caused  by  the  change  in  the 
proton  affinity  of  the  ion,  where,  the  greater  the  valine  nr,  the 
lover  is  the  extraction  of  acids.  A  comparison  of  nr  [6]:  CIO*"  -  285 
kcal/g»ion,  J"  -  307  kcal/g*ion,  Br"  -  315  kcal/g«ion,  IOa~  -  320 
kcal/g*ion,  Cl“  -  325  kcal/g«ion,  i~  -  363  kcal/g*ion  with  an 
experinentally  observed  acid  extraction  series  shoved  that  the 
extractability  of  acids  does  indeed  grow  when  their  proton-donor 
properties  are  strengthened. 

A  differential  in  extraction  of  acids  can  also  be  anticipated  as 
a  result  of  the  difference  in  association  of  salts,  since,  as  ve 
know,  for  TOA  salts  association  intensifies  in  the  series  T0ANC1  < 
TOAMBr  <  TOAHClo* ,  i.e.,  as  the  dipole  nonent  of  the  salt  increases 

PI. 

Our  attention  is  drawn  to  the  slight  difference  in  the 
extraction  behavior  of  tiClo*  and  UJ,  as  well  as  that  of  HBr  and  BNOa, 
despite  the  differentiating  effect  of  the  noted  factors. 

Consequently,  sone  processes  and  the  energy  changes  which  correspond 
to  then  act  in  the  opposite  direction.  One  of  these  is  the  fornation 
of  an  intrasolecular  hydrogen  oond  between  the  cation  and  ion  of  the 
salt,  whose  existence  in  aaine  salts  is  established  by  aeans  of 
various  research  set  hods:  Nuclear  sagnetic  resonance  spectra  [2,  8], 
Il-spectra  [9,  10],  conductoaetry  [11],  etc.  Me  know  that  for  salts 
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of  TO A  the  iatensif lent ion  in  the  hydrogen  bond  occurs  in  the  series: 
F*  >  Ct~  >‘N<V>Br  >  J' »  CIO*,  u  one  sight  assase  on  the  basis  of  the 
proton- acceptor  properties  of  the  anions.  It  is  obvious  that 
intensification  of  the  hydrogen  bond,  just  as  the  change  in  energy  of 
the  electrostatic  interaction  during  replaceaent  of  the  anion  [4], 
should  lead  to  a  leveling  in  the  extractability  of  the  acids. 

Extraction  of  acids  by  aaines  of  different  classes  during 
foraation  of  nornal  salts.  The  results  of  Table  1  show  that  during 
the  fornation  of  sulfates  of  TOA  and  di-n-nonylaaine  (DBA)  the 
extraction  of  sulfuric  acid  increases  fron  TOA  to  DBA.  The  sane  thing 
occurs  in  the  case  of  nitric  acid.  This  is  apparent  fron  the 
constants  established  by  aeasuring  the  pH,  which  for  TOA  eguals  6.4, 
for  DHA  in  benzene  -  11.6. 
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Table  i.  stability  eoittwts  of  normal  a  nine  salts. 


1  Com 

V|K  i  HMtMrMcait 

|I(K  •  IWTlKtelMK 

TOAHCK), 

6.42 

6.67 

TOAHJ 

5,98  • 

6.14  . 

TOAHBr 

3.96 

4.00 

TOAHNO, 

4.07 

.4.64 

TOAHC1 

2.75 

3.85 

(TOAHVSO, 

WHAlftSO, 

5.40 

10.96 

6.68 

13.24 

Key:  1)  Salt;  2)  lg  K  in  cyclohexane;  3)  lg  K  in  di ethylbenzene. 

It  is  obvious  that  the  difference  in  the  equilibrium  constants 
during  extraction  by  TOA  and  DMA  of  5*7  orders  cannot  be  caused  by 
the  influence  of  any  one  factor.  He  can  assuee  that  replaceeent  of 
the  a  nine  is  to  the  greatest  degree  reflected  in  the  foraation  energy 
of  the  cation,  in  the  force  of  the  intranolecular  bond,  and  in  the 
inter aolecular  association. 

Since  the  value  of  affinity  to  the  proton  for  TOA  and  DMA  is 
unknown  at  the  present  tiae,  to  compare  the  foraation  energy  of  the 
cation  we  use  values  of  210.8  kcal/aole  and  213.8  kcal/*ole  for 
trine thylaaine  and  dinethylaaine,  respectively  [12]. 

Differences  in  the  foraation  energy  of  the  cation  of  3  and  6 
kcal/aole  correspond  to  an  increase  in  the  equilibrium  constant  for 
the  secondary  anine  relative  to  the  tertiary  by  2  and  4  orders  for 
mono-  and  dibasic  acids,  respectively. 
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In  studying  the  energy  of  the  intramolecular  bond  in  salts  it 
should  be  noted  that  the  energy  of  the  electrostatic  interaction 
probably  changes  only  slightly  as  a  result  of  snail  differences  in 
the  dimensions  of  the  amines.  In  explaining  the  results  on  solvation 
of  amine  salts  it  was  earlier  assumed  that  the  presence  in  the 
nitrogen  atom  of  various  amines  of  the  unreplaced  proton  intensifies 
the  intramolecular  hydrogen  oond  [13].  Increasing  the  energy  of  the 
hydrogen  bond  by  2*4  kcal/mole  should  lead  to  an  increase  in  the 
equilibrium  constant  by  2-3  orders. 

It  has  been  experimentally  established  that  another  factor  which 
changes  greatly  during  the  transition  from  salts  of  tertiary  to  salts 
of  secondary  amines  is  their  intermolecular  association.  Studies  by 
Allen  on  the  scatter  of  light  by  solutions  of  amine  salts  showed  that 
the  mean  number  of  particles  in  associates  of  di-n-decylamine  sulfate 
(analog  of  the  DMA  sulfate)  equals  40,  while  the  TOA  sulfate  is 
virtually  a  monomer  [14].  Based  on  these  results  and  assuming  that 
the  number  of  particles  in  the  associate  of  the  DMA  sulfate  was 
constant,  the  activity  coefficient  was  calculated.  For  0.1  n  of 
solution  it  proved  to  be  equal  to  0.056.  Consequently,  the  increase 
in  association  of  salts  of  secondary  amines  can  explain  an  increase 
of  only  10-20  tines  in  the  extraction  constant. 


DOC  ■  0554 


PAGE  8 


Proa  the  above  it  is  apparent  that  the  increase  in  extraction  of 
acids  daring  the  transition  froa  tertiary  to  secondary  aaines  is 
satisfactorily  explained  by  tne  increased  infinity  of  the  aaine  to 
the  proton  and  by  the  intensification  of  the  intraaolecular  hydrogen 
bond  and  association  of  salts. 

Extraction  of  second  acid  aolecule  by  aaines.  He  know  that  when 
the  concentration  of  the  acid  in  the  aqueous  phase  is  increased,  the 
aaount  of  acid  which  converts  to  tne  organic  phase  exceeds  that 
necessary  for  foraation  of  the  noraal  salts  of  aaines.  It  was  assuaed 
that  the  nonequivalent  acid  is  distributed  by  the  physical 
distribution  aechanisa  [4]  as  a  result  of  the  attachaent  of  the 
second  acid  aolecule  to  the  alkyl  aanoniua  ion  [15]  or  as  the  result 
of  the  foraation  of  a  hydrogen  bond  with  anions  of  alkyl  anaoniun 
salts  [10]. 

Since  we  deaonstrated  earlier  [13],  that  aolecules  of  protogenic 
solutions  attach  theaselves  to  the  ions  of  aaine  salts,  the  shift  in 
extraction  of  nonequivalent  acid  in  the  range  of  sore  concentrated 
solutions  of  acids  when  such  diluents  are  used  is  evidence  in  favor 
of  this  last  proposal.  Proa  studies  of  various  researchers  [3,  4]  it 
appears  that  the  increase  in  extraction  of  the  second  aolecule  of 
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acid  occurs  in  a  series  which  xs  the  reverse  of  that  observed  in 
extraction  of  the  first  aolecule:  UF  >  HC1  >  HBr  >  HC104.  In  this 
seguence  the  proton- acceptor  properties  of  the  anions  decrease.  This 
is  evidence  of  the  attachaent  of  the  second  nolecule  by  means  of  the 
hydrogen  bond  to  the  anion  of  the  aaine  salt.  Moreover,  anions  of  the 
XHX”  type  represent  standard  and  stable  foraations  in  various 
nonagueous  solutions  [  16]. 

The  results  on  extraction  of  hydrochloric  acid  by  solutions  of 
TO A  and  DMA  in  benzene  (table  2)  and  on  extraction  of  nitric  acid  by 
solutions  of  di-n-octylaaine  £17]  and  TOA  [18]  indicate  that  the 
stability  constants  of  compounds  of  aaine  salts  with  the  second  acid 
molecule  decrease  froa  tertiary  to  the  secondary  aaines.  Extraction 
of  the  second  nitric  acid  aolecule  by  solutions  of  aaines  of 
different  classes  also  decreases  from  tertiary  to  primary  aaines 
[19],  i.e.,  we  observe  a  pattern  which  is  the  opposite  of  the 
extraction  of  the  first  aolecule  of  acid. 
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0.1  M  TOA 

0.1  M  AHA 

Paaaoaacaaa  kmcjot- 

Paaaoaecaaa  kmc jot- 

aocTb,  M 

1*K 

roc  tv  M 

1?K 

|) 

B  BOAHOft 

■  opraHRi. 

B  BOAHOft 

b  opraHHq. 

4>a3e 

4>aae 

4>B3e 

4>a3e 

3,90 

0.121 

2.36 

3.90 

0.1085 

2.81 

4.80 

0.126 

2.75  . 

4.85 

0.110 

3.28 

5.85 

0.135 

3.07 

5.90 

0,115 

3.56 

6.85 

0.146 

'  3.37 

6.90 

0.118 

4.01 

7.80 

0.160 

3.63 

7.85 

0.122 

4.45 

8.80 

0.184 

3.55 

8.85 

0.130 

4.65 

9.65 

0.194 

3.49 

9.70 

0.130 

4.90 

Key:  1)  Equilibrium  acid,  H;  2)  in  aqueous  phase;  3)  in  organic 
phase. 


It  is  obvious  that,  just  as  in  the  case  of  attenuation  of 
solvation  by  spirits  of  anions  of  anine  salts  in  the  series  - 
tertiary,  secondary,  and  below,  the  increase  in  the  nonequivalent 
acid  by  salts  of  secondary  anines  is  explained  by  intensification  in 
then  of  the  intramolecular  hydrogen  bond.  Based  on  the  donor-acceptor 
mechanism  of  the  hydrogen  bond  we  can  assume  that  the  formation  of 
the  intramolecular  hydrogen  bond  in  anine  salt  leads  to  a  significant 
change  in  the  distribution  of  the  electron  density  of  the  anion. 
Intensification  of  the  hydrogen  bond  in  salts  of  secondary  anines 
should  lead  to  greater  delocalization,  as  a  result  of  which  there 
develops  a  decrease  in  the  electron-donor  properties  of  the  anions  in 
relation  to  the  conjugate  hydrogen  or  donor-acceptor  bond.  Moreover, 
the  presence  of  the  unreplaced  hydrogen  atom  in  secondary  and  primary 
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aaines  greatly  strengthens  the  association  of  their  salts,  apparently 
because  of  the  foraation  of  inter molecular  hydrogen  bonds.  This  also 
reduces  the  ability  of  aaine  salts  to  extract  nonequivalent  acids. 

It  should  be  aentioned  that  an  analogous  explanation  can  be 
given  for  the  dependence  of  the  extractability  of  aetal  salts  by 
aaine  salts  of  different  classes,  which  interact  to  fora  complexes  in 
the  organic  phase.  Be  observe  the  greatest  possible  drop  in  the 
syaaetry  of  anions  in  the  infrared  spectra  [20],  which  indicates 
their  active  participation  in  the  coaplex-f or nation  process.  This 
confirms  the  belief  of  various  researchers  [21]  that  the  anion 
complex  of  the  aetal  is  found  within  the  internal  sphere  of  the 
foraed  complex,  while  the  alkyl  aaaoniua  cations  are  found  on  the 
outer  coordination  sphere,  i.e.,  there  is  a  donor-acceptor  bond 
between  the  anion  of  the  aaine  salt  and  the  cation  of  the  aetal. 

Since  in  the  transition  froa  salts  of  quaternary  aaaoniua  to  salts  of 
primary  aaines  we  observe  an  intensification  in  the  hydrogen  bond,  we 
can  assuae  that  the  electron-donor  properties  in  this  saae  sequence 
decrease.  Thus,  a  decrease  in  extractability  should  be  observed  in 
this  series.  An  exaaination  of  aany  experimental  data  reveals  that  it 
is  this  dependence  which  we  observe  in  the  extraction  of  all  salts  of 
aetals  froa  nitric  acid  [22]  and  hydrochloric  acid  [23]  nedia  as  well 
as  aost  salts  of  aetals  froa  sulfuric  acid  aedia  [24], 


SSimiaa— tl— MMMM— BlMiMUl 
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Effect  of  diluent  on  extraction  of  acids  by  tr i-n-octylasine.  To 
a  great  extent  extraction  eguilibrius  is  determined  by  the  nature  of 
the  diluent  which  is  used,  it  ft as  seen  established  that  the  effect  of 
the  diluent  is  the  result  of  the  interaction  of  its  solecules  with 
both  the  uolecules  of  the  extractant  and  the  solecules  of  the 
extracted  conplex  [25]  and  that  consideration  of  this  interaction 
sakes  it  possible  to  detersine  the  nature  of  the  dependence  of  the 
eguilibrius  constants  on  certain  physic ochesical  characteristics  of 
the  diluents  [26]. 

We  know  that  the  relationship  between  the  eguilibrius  constant 
Ka,  expressed  in  terns  of  absolute  activities  (standard  state  -  pure 
components)  and  the  eguilibrius  constant  Ka,  expressed  in  terns  of 
concentration  activities  (standard  state  -  hypothetical  solution  with 
properties  of  infinitely  diluted  solution) : 

K.-K.K*  (2) 

This  eguation  is  analogous  to 

Y-TT* 

where  y  is  the  absolute  coefficient  of  activity;  y  ~  concentration 
coefficient  of  activity,  and  y0  -  zero  coefficient  of  activity  (or 
absolute  coefficient  of  activity  of  component  when  its  concentration 
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aoves  toward  zero) . 

Quantity  Ky0  represents  tae  relationship  between  the  zero 
activity  coefficients  of  the  coaponents,  and  thus  depends  only  on  the 
aediua.  In  the  case  of  extraction  it  depends  on  the  diluents  which 
deternine  the  phase. 

Since  the  diluents  which  are  used  even  partially  dilute  the 
water  and  are  thenselves  diluted  in  it,  then  the  value  of  constant 
Ky0  is  deternined  by  the  relationship  of  zero  activity  coefficients 
of  all  reaction  coaponents  both  in  the  organic  and  aqueous  phases. 
Thus,  equation  (2)  represents  the  aost  general  equation  which 
deteraines  the  effect  of  the  organic  diluent  on  extraction 
equilibriua.  Only  the  assuaption  that  the  substances  which  deternine 
the  phase  (water  and  diluent)  are  absolutely  insoluble  in  one  another 
aakes  it  possible  to  deternine  the  effect  of  the  diluent  by  the 
relationship  of  zero  activity  coefficients  of  the  coaponents  in  the 
organic  phase  alone.  Soaetiaes  [2b]  it  is  erroneously  assuaed,  for 
exaaple,  for  the  extraction  reaction 

■AiNi  +  nV^AaS,^  (3) 

which  is  the  general  theraodynaaic  equation  which  considers  the 
effect  of  the  organic  diluent,  not  the  equation 
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Quite  frequently  the  fact  of  intersolubility  is  not  considered 
in  deternining  the  activity  coefficients  of  the  substances  by  the 
distribution  aethod.  This  soaetises  leads  (frequently  for 
electrolytes)  to  great  deviations  fron  reality.  This  has  been  pointed 
out,  for  exaaple,  by  the  authors  of  [22]. 

Tet  the  assunption  of  the  sutual  insolubility  of  the  phases 
siaplifies  deteraination  of  laws,  particularly  where  solubility  of 
the  phases  does  not  play  a  significant  role. 

Based  on  equation  )  (5) ,  using  in  the  estiaate  quantities  y*Ai  and 
vj  the  foraulas  fron  the  theory  of  regular  solutions  for  deternlaing 
the  activity  coefficients  in  hmary  solutions,  Vdovenko,  Kovaleva, 
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and  Ryazanov  [26]  obtained  a  relationship  which  binds  the  extraction 
constant  Ka  with  certain  physic ochenical  peculiarities  of  the 
diluents: 


In  K,  -  lnK,+  nln7*-ln  -  In  K'  —  (n — 1)  RTlnv,  - 
-*<•»,  s  -  **,»*,)«. + (■*s  -  -  £). 


(6) 


where  In  K'  does  not  depend  on  the  nature  of  the  diluent  and  equals 


In  K*  -  In  K«  +  RTln  +  (n  - 1 )  RT  +  ny  -  vAs»j;  s; 

AS 


(7) 


V  vAS,  y4  are  the  aolar  volunes  of  the  conponents  in  the  solution; 
lit-  their  solubility  paraaeters. 


The  latter  are  deterained  by  equation 

tj— •  (AH,  —  RT)/v,,  (8) 


where  AH'  is  the  aolar  heat  of  evaporation  of  the  i-th  coaponent  at 

teape retire  T; 
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where  fl  is  the  aolecular  Height;  d  -  density. 

Proa  equaton  (6)  it  appears  that  within  the  fraaework  of  the 
theory  of  regalar  solutions  the  effect  of  the  diluent  is  deterained 
entirely  by  the  walues  of  the  solubility  paraaeters  and  the  aolar 
voluaes  of  the  diluents  which  are  used. 

We  decided  to  test  this  equation  on  the  findings  by  the 
influence  of  the  diluent  on  the  extraction  of  hydrochloric  and 
sulfuric  acids  by  solutions  of  tri-n-octylaaine . 

For  a  nuaber  of  diluents  with  an  approxinately  egual  aolar 
volase  (v^const),  for  the  aaine-acid  solution  systea  (consequently, 

V  VAS’  *3  wad  iAS  -  constant)  equation  (6)  acquires  the  fora  of: 

Ink,- AlJ+B^  +  C  (10) 

i. e.,  there  should  exist  a  parabolic  dependence  between  the  logaritha 
of  the  egnilibriua  constant  and  the  solubility  paraneter  of  the 
diluent. 

Ve  know  that  for  TOA  v#  —  433  ca* ,  while  for  TOAHCl  v^  —  424  ca* 


■*» 


* 
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f 27 ],  i.e.,  in  this  case  A  —  nv#  -vAj  >0,  ul  the  parabola  should 
have  a  ainiann  at 

,  'ai*a»  -  "A 

*s-j«  - 

for  dibasic  acids  the  parabola  should  be  steeper  than  for  aonobasic. 

Is  we  learn  froa  Pigs.  1  and  2 ,  the  shapes  of  the  curves  for 
extraction  of  hydrochloric  and  sulfuric  acids  by  TO  A  correspond 
theoretically  to  those  found,  and,  consequently,  the  effect  of 
aprotonic  diluents  on  the  extraction  of  acids  by  aaines  can  be 
described  within  the  franeworh  of  the  theory  of  regular  solutions 
with  the  interaction  of  both  aaine  aolecules  and  the  aolecules  of 
aaine  salts  considered. 


Conclusion 


1.  It  has  been  confiraed  that  extraction  of  aonobasic  acids  by 
tri-n-octylaaines  during  foraation  of  noraal  salts  increases  in  the 
series:  HC1  <  HBr  <  H»o,  <  HJ  <  ncio4. 

It  has  been  shown  that  differences  in  the  proton  affinity  of 


saaattM  ■ 
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anions  and  the  association  of  salts  in  the  or9anic  phase  has  a 
differentiating  effect  on  the  extractability  of  acids,  while  the 
fornation  of  the  intranolecnlar  hydrogen  bond  has  a  leveling  effect. 
It  has  also  been  established  that  under  these  conditions  secondary 
aaines  are  sore  effective  extractants  because  of  the  strengthening  of 
the  intranolecular  hydrogen  bond,  the  association  of  the  salts,  and 
the  affinity  to  the  proton  of  the  aaines. 

2.  It  has  been  established  that  during  extraction  of  the  second 
acid  nolecule  salts  of  tertiary  aarnes  are  aore  effective  extractants 
than  the  corresponding  salts  of  the  secondary.  This  is  explained  by 
the  decreased  electron-donor  properties  of  the  anions  as  a  result  of 
the  strengthening  of  the  intranolecular  hydrogen  bond  and  their 
association. 

3.  Deaonstrated  here  is  the  applicability  of  the  equation 
introduced  in  [26]  on  the  basis  of  the  theory  of  regular  solutions 
for  description  of  the  effect  of  a  protonic  diluents  during 
extraction  of  acids  by  aaines. 


■ 
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Pif.  1.  Dependence  of  titcACtioa  constant  of  hydrochloric  (a)  and 
snlfuric  (b)  acids  by  tri*n-octylanine  on  solubility  pacasotsrs  of 
diluents:  1  -  isooctane;  2  -  hexane;  3  -  octane;  4  -  tridecane;  5  - 
cyclohexane;  6  -  n-butyl  benzene;  7  -  carbon  tetrachloride;  8  - 
i- propyl  benzene;  9  -  n-xylol;  10  -  ethyl  benzene;  11  -  toluene;  12 
e~zylel;  13  -  benzene;  14  -  chlorobenzene;  15  -  1,  2- dichlor ethane; 
Id  •  nitrobenzene. 
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